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We, Ameeicak Yiscose Coeporation, 
of Pkiladelphia, in tlie Statrfc of Pennsyl- 
Tania, United States of America, a Cor- 
poration organized and existing under 

6 and by virtue of tie laws of the State of 
Delaware, United States of America, do 
h-ereby declare tli^ invention, for which 
We pray that a patent may be gmated to 
us, and the method by which it is to be 

10 performed, to be particularly described 
in and by the following statement : — 

The present invention relates to the art 
of making pajperj ^ro m arti^ciaL Jhjes, in 
wKble or in part, sucJi as tliose formed 

16 from regenera ^ffj cH^^I'^r'^ 

The art' of making paper dejiends upon 
. the^h ri'l l a tioji wh i ch occu rB when t)an er-_ 
mak ing fibrie is beaten in wa ter. The 
fibfrUation manifests itself by a fraying 
.20 of the surfaces and ends of the fibre<5 in a 
ma-nner to .produce ^miiiute tendrils or 
fibrillae which servfi^fo te lt or j.ock tEe 
£^res~fpg 0ther when tliey ar^ subjected 
to the paper-making process. 

25 Recently, means have been found to cut 
regenerated cellulose .fibres . su ch as those 
formed, from viscose, to li,e"' prescribed 
paper-niaking length. However, j;egRn- . 
erated cellulose, fibres^ ha ve not been con- 

30 siclered as paper-making fibres due to 
their high swelling, softening, slipperi- 
ness, and inability to disperse in water 
and t o fibrillatp ko ns tn liol-H th^, ti hrp. w<>h 
together sufficiently to ipermit its removal 

35 from th« paper-making screen as a sheet. 
The presently employed practice of form- 
ing paper comprising regenerated cellu- 
lose fibres is to introduce the same into a 
previou«ly beaten paper-making fibre of 

40 cotton, wood, manilla or other i>a per stock, 
at the beater, and without further beat- 
ing other than mixing, cast them into the 
paper sheet with the fibrillating paper- 
making fibre acting as a dispersing, 

45 carrying, and bondiiic medium. Such 
slie-ets. however, when a substantial 
amount of regenerated cellulose fibres 
have be^n added, have been characterized 
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by a high de<jree of porosity, softness and 
weakness which limit their use to res- 
tricted special applications. 

Eurther, the nse of the ordinary or con- 
ventional paper-milking non-fibrous bin- 
ders, bonding agents, or cements, such as 
glues, starches, or sodium silicate, which 
are applied in solution form and then 
dried, have not proved successful with 
regenerated cellulose fibres. This is 
probably due to the fact that conventional 
non-fibrous binders do not possess suffici- 60 
ent binding strength to cause the regener- 
ated cellxdose fibres to bind together to 
give the resultant sheet sufficient strength. 
In fact, conventional bonding agents are 
so lacking in binding strength for this 
puirpose that a regenerated ceUuiose fibre 
web employing such binders is so weak 
structurally that the same cannot be 
removed while wet from the paper-making 
wire as a sheet. 

According to the present invention, 
there is provided a paper sheet compris- 
i ng fibrillatied legen^^te/I r.^llulose fibre s. <^ 

The objects of the present invention are 
in general accomplished b v beatini?; in 7 1 

an nrdiTmry .nnpP|-/hp^nfp-r^ a Special high 

strength low elongation viscose rayon 
fibre, which is described in detail herein- - 
after, for a period which corresponds to 
normal paper beating time. During tlie 80 
beating operation -the fibre remains con- 
stricted, i.e., does not swell to any appre- 
ciable (extent, is reduced to paper-making 
length, and be come^ readily disperaib le-^ 
Above all the regenerated cellulose fibre 85 
fibrillates^b^iJlu- at its ends and irregu- 
^liirly along its length. Tlie beaten fibril- 
la ted fibre is then diluted to proper con- 
sistency and cast on the paper-making 
screen or wire and remnverl therefrom nj5 QQ 

a self-sustaining sheet ^ilbftut tbn f^ddi 

t ion of other fibres or bonding^pdditivpQ 
'"^^Minary regeneracea celhuose o r vis- 
"rayon^l^re does not fibrillate when 



subjectedTo beatings in an ordinary paper 
beater. Consequently, the same, bas :iot 
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beea useful as u papemakiun- fibre \v ivm 
used alone up uutil the present. It lias 
nowbngg ,^ discov ered liowever, that tis- 
<ti^se^v^ou^_^l^^Todncftd as hereinafter 
6 dSscribeJ'l^Il fi^rillate when subjecte d 
t o the <)r{fi'gafy^aper-beati ng_ opei--atiQn . 

\ i.scose Avliicli lias been i)repai ed in the 
usual uiauner is employed in luukinij: the 
fibrillatinfT. rayon fibre. The viscose jS 

iO one whieb has a salt point of 3 to 6 
(NaCl), cellulose content from 6 to 9%, 
and a NaOH content from 6 to 9%. 
During the process of manufacture, the 
alkali cellulose crumbs are acred for such 
16 a len^h of time so as to give a viscose 
havin*> a ball fall viscosity betwee n 65 
andJ.20-seeottds. " ~ ' 

The viscose is jjassed throng'b a spin- 
neret into a coag-ulatino^ bath to liberate 

20 the cellulose xanthate without substantial 
regit n era tion of the cellulose. The cel- 
lulose xanthate fibre thus formed is then 
subjected to considerable stretching 
which Orientates the molecules iji the 

25 fibre and increases th^^ ciystallinity, these 
two pi-opei-ties being deteriuinative of the 
fibri Hating property of the finished fibre. 
After stretching the fibre is pulsed into a 
i-eg^neratiiig bath, after which the regen- 

30 erated cellulose-* fibre is sent directly to 
the ustial finishing stages through which 
such fibres are usually passed in the nor- 
mal course of their production. 

Various chemical compounds may be 

35 employed in tbe coagulating and regener- 
ating baths such as sulphnric acid, phos- 
phoric- acid, boric acid, acetic acid, 
sodium sulphate, sodium acetate, 
ammonium sulphate, mono- and di-basic 

40, sodium phospbat^, -etc. 

For exaniple. a satisfactory fibrillating 
. viscose r^Lvon fibre Tiiay be produced when 
a coagulating batb is employed havings a 
pK in the range of 1*5 to IQ and conipris- 

45 ing between ^5 and 20% by weight of 
phosphate radicals and between 5 and 
20% hy weigbt of sodium sulphate, the 
temperature of such bath being maiu- 
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taiued at room lemperature or higher aud 
piriirniijly beiwotii 4-j and -3-3' C. 1" 
eoujuncriou wiilt this LOitguhitiug balh a 
rcgeneratiug ba'iL rjiould bi^ employed 
comprisia.i^ 1 to i-3;o by weight oi .-jul- 
phuric acid. J3ei-a;:'re of the cany -over 
of 'joaguhitiu^ solution in th-- regenoiai- 
iug bath by tlif fibre, thv regen+- rating 
bath -ho aid be 60 regulalt-d that it con- 
tains at ail times 5 to 10% phospJioriv 
acid and ll> to 'JO :. ^odiinfi sulphate. The 
temperaUire of the regejieriitiug batii is 
the .^aiiie ^< that or tliv coagulating luitii. 
Fibres produced us outlined aliove. 
exhibit high tensile strengths (wet u\\t\ 
dry) combined with low exteu sib ili ties 
(w^et and dryi and low swellings (cro:?5- 
sectional and linear; upon exposure to 
water or water vapoui*. 

Average fibre properties are labuhitetl 
below : — 
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Tenacity (Dry* 
Tenacity fWet; - 
Extensibility (Dry^ 
Extensibility (.Wet) 
C'ross-sei'tToual 

Swelling - - 
Linear Swelling - 
These fibres also 
orientation aud ciystaHinit\' tha^ is nectr-fr 
sar^^ for fibrillation. 

The fibre properties oi other iibrillaUd 
artiiicial fibres will vary within, the ran-e 
of values tabulated below: — , , 

T-enacity (Dry) - - 3 — 5 grams/denier 
Tcnacitv AVet) - - 2—3.5 
Extensi'bilitv (Brv) (>— 10% 
Extensibility (Wet; 0—10% 
Cross-sectional 

Swelling - . - 35— 457o 
Linear Swelling - 0,2(^1,50% 

In the following table there is tabulated 
the range of orientation and crystallinity 
values for the fibril] a ted viscose rayon 
fibre of the preseut invention as compared 
to those for a fibrillating natural cellulose 
fibre and a normal viscose rayon fibit^ 
which is non-tibrillatinir. 



100 

Hemp 

g ibrillating Tiscose 
Kayon !FiB^> 
ItegT ilar V iscose 
105 Rayon Fibre 

The percent crystallinity. as expressed 
in the table, is defined the percent 
residue by weight after treatment in 2.5 
normal hVdrochloric acid for 15 minutes 
110 iit 105—0.5^ r. The orieritaition is 
expressed in terms of the half niaxiiiiuin 
angle as determined from X-ray diftrac- 



Crystailinity 

85—91 
75—82 



Orientation 
Half maximum 
angle in degrees 
12—17 

18—24 

23—32 
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lion. Tile half maximum air-rle is the 
anguh*r length in degrees of the 002 inter- 
£ei^nce (Milk-r Index) in the X-ray dia- 
gram of rayou at h;)lf the maximum iiitt iu 
sity after a correction for biii-hgrouiid 
intensitv. (See Tnirersoll, H.tr. .]•; 
Applied Physics 17, 024 {Um})^ 
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From the values ia the table, it can be 
seen tlia,t tlie orientation and crysialliuity 
of tbie. viscose rayon fibre of the present 
invention approaclies that for hemp, 
5 which readily fibrillates even when, the 
same is placed in water and stirred gently. 
It ap.peai-s that both the proper orientation 
and crystallinity are necessary. That is to 
say tLat even though a fibre possesses the 

10 proper orientation, but not the proper 
crystallinity, or vice vc^rsaj it will not 
necessarily fibrillate. It further appears 
that the ideal fibre, insofar as fibrillation 
is cancerned, would be one having Q** 

15 orientation and 100% crystallinity. 

As previously point-ed out, the viscose 
rayon fibres, produced as herein iDointed 
out. are beat en in a stan-dard jjaper beater 
for a period of to 12 or more hours at" 

20 concentrations of a.pproxiniat*ely 0.5 to 
3.0%, However, when a laboratory 
beater is employed, a beating time of 1 to 
2 hours is sufficien t.' T he fibres fibrilla te 
at their lencrs and~ irregularly along tEeir 

25 lengths and disperse readily. The reaul-^ 
taut fibrillated viscose rayon "fibre -disper- 
sion may be diluted to any desired con- 
sisteacjr^ depending on the type sheet or 
web it is desired to produce, and cast on 

30 the paper-making screen or wire and 
removed therefrom as a self-sxistaining 
. sheet or web , . The sheet may be formed on 
f fmyentional paper-making machines of 
vt-frious types, such as th^ h'mir^TinTpr^ 

35 Harper, single c yjindex^or Yankee, multi- 
vat macliine, mould, presse pat«e, or the 

. . like. ^ 

The fibrillated- fibre-dispersion may be 
diluted to approximately O.o to 0.01):::%. 

40 For example I in making a tea bag- paper, 
a conoentration of approximately 0.002%. 
IS satisf^Gtory, whereas in making filter 
pa^per^ minepgraph paper,, and the like, 
a concentration of approximately 0.02% 
46 would be sufficient. 

While the invention has been described 
in connection with forming a sheet or 
w«b comprisin g 100% fibrillated vist-oae 
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anO non-tLbrilLating fibres may be in cor^ 
JporateST therewith. Also vn^iong ImnrHnrr" 
^age nts may be added if desirej ^ For 
example, varying amounts of a fibrillating 
fibre may be added to the fibrillated vis- 
cose rayon fibre in the beater, sxich as 
GQttnn _hemp/fia y. ^^^r* 



% like. Non-fil> 



c ellulose acetate, cellulose nitrate casein. 
water-insoluble cellulase ethers, etc., may 
be employed. Th p bonding ag ents, such 
as glue, cellulose ethe rs and the like, 
may be added to the fibrillated viscose 
ray on fibre or a mixtur.e of the same w ith 
fibrillating or non-fibrillating material. 
Further, the fibrillated viscose rayon 



fibre of the present invention may be used 
to foi-m siieets or we bs o f nou-fibrillatinir 
fibres sucF as cellulose acetate, cellulose 
nitrate-, ordinary rayon, etc. From 2 to 
10% of the fibrillated viscoste rayon fibre 70 
mixed with 9Q to 98% of the noa-fibril- 
la.ted fibre would be sufiicient to form a 
.^elf-sustaining sheet ou the screen or 
wire. 

Various heat activatable, 4:her mnpl a>stip J6 
or therniQsetting (when in a thermoplastic 
*:t.iifaj~'^?^^^iij^ fi |jg employed 

witjijhe jbiillating viscose rayon_!fi bres. 
The fibriilfB of the latter enable the fornia- 
tion of a self-sustaining sheet or web 80 
which later may be subjecte d to heat and ^ 3 

j^ressure thus activ atrng the tliemosetting 
or thermoplastic resinous fibres which 
form a smooth, tough sheet having a high 
glnss making the same suitable for maga- 85 
ziue papers and the like. Examples of 
thermoplastic resinous fibres are those 
fornied from high molecular weight syn- 
thetic linear poly amides or polyesters, co- 

^ polym^ers of vinyl chloride and vinylidene 90 
chloride, vinyl acetate, polyethylene, 
polyacrylonitrile, and the like. Examples 
of the thermosetting resinous fibiv-:5 are 
those formed from urea-aldehydes, phenyl- 
aldehydes and the like. ' 95 

Other shnperi qrticies may be formed 
f rom the di^pf^r'^jmri nf -fibTMll-THn^] ^-ic-n^^o 

raygin fibres of the instant invention. The 
dispersion may- be -applied to various ' 
shaped mandrels such as used in making IQO 
hats, brassieres, and the like. This is 
particularly advantageous when thermo- 
setting or thermopl^istic resinous fibres 
. are incorporated with the fibrillating vis- 
cose rayon fibx-es. 

The fibrillatiag^ yiscosft rayo-n fibrf ^ ^ m ny 
vary in d^nieP^rSm 0.75 to"^ 5.5 and wKT 
beaten jjt^^d ^ Tin per b o aier o r;^filmy"i^_ 
between 1 mm. and iQnu n. is satisfactory, 
jjere agaiu ytiie denier and fibre length HQ 
will vnrg_m^f-cQrHnnp.p. with th-P dp?tiira^ 
prop erties in the aend product . 
__• The sheets or webs and other shaped 
articles formed from the fibrillated ^dscose 
rayon fibres have m-aji y and varied use s. 115 
For -sample they are^ useful in the manu- 
f acture of tea bags, mimeograph and over- 
lay na. per. filtering Tjawr. g apersu^ for 
< ^^ing such as facial or toilet ^^fistL^ s:::^? 
magazine and hook paper etc. Variousl20 
mat'erials may be incorporated in the fib- 
nllated viscose raven fib'^c sheets such n c 
'^flyes pigmentp 
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various 



plasticizgrs^. 



wa terproofing agents, greaseproof age nt s , 
ntilciew-^preveiLtative ageut-s. fiU-ers " and 126 
the like. 

Wliat we claim^is : — 

1. A paper sheet comprising fibrillated 
regenerated crellulose fibres. 

2. A paper sheet according to claim 1, 130 
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cliaracterized in tliut said librc> are Iiigli 
strength., low elongtitiou fibres. 

3. A paper shee.t nccorJIng to c];n*m I 
or 2, cliaracterized in that said artificial 

6 fibres have au orientation of 18 to '^4"' 
and a crystallinity of So to 

4. A paper sheet aecordiug* to any oi 
claims 1 — 3, characterized in that it i-oiii- 



prises OO to 08% of uou-fibrillaled i'l^n-^^ 
and 2 to 10% of said fibrillaled artifii-i;il 10 
fibres 

EAYNOR&CO., 
Bank Clianibers. 
*29, Southampton Buildino-s, 
Chancery Lane, London, W.C.'2, 
Agents for the Applicants. 
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